To determine the prevalence of thyroid eye disease among dysthyroid Korean patients and to analyze the relationship between demographic data, lifestyle risk factors, and status of thyroid disease and thyroid eye disease. Methods: All dysthyroid patients who visited endocrinology clinics in 24 general hospitals in Korea during a chosen one-week period were enrolled in this cross-sectional study. Data were collected during an interviewer-administered questionnaire and chart review. Demographic data, lifestyle risk factors, and status of thyroid disease variables were analyzed as risk factors using multivariable regression models to identify independent associations with thyroid eye disease. Results: A total of 1,632 dysthyroid patients were included (1,301 females [79.7%] and 331 males [20.3%]). Two hundred eighty-three of these patients (17.3%) had thyroid eye disease. Multiple logistic regression analyses revealed that female gender, young age, Graves' disease, dermopathy, anti-thyroid medication treatment, and radioiodine treatment were independent risk factors for thyroid eye disease.
Thyroid dysfunction, consisting of heterogeneous autoimmune disorders affecting systemic organs, is a relatively common malady in endocrinology clinics. Thyroid eye disease may be the first noticeable warning sign prompting dysthyroid patients to seek medical advice at the onset of the disease or may complicate the disease progression [1, 2] .
Thyroid eye disease is characterized by various clinical features [3] . Inf lammatory reactions to the orbital and periocular tissues cause discomfort and pain and also result in eyelid malposition and exophthalmos, distorting self-image and provoking psychological or social problems. Extraocular muscle changes lead to more serious complications, such as strabismus or visual disturbances. The activity and severity of thyroid eye disease is diverse as well [4] . The subclinical form of thyroid eye disease can be detected with imaging evidence of ultrasonographic [5] or computed tomographic [6] findings or other diagnostic methods, such as measurement of intraocular pressure [7] .
A study based on data from published articles indicated that the mean weighted prevalence rate of hyperthyroidism was 1,151 per 100,000 people [8] . According to community-based studies, the prevalence of thyroid dysfunction was reported to be 8.5% to 13.6% in an elderly age group [9, 10] .
Few data are available on the incidence or prevalence of thyroid eye disease in patients with thyroid dysfunction. It has been suggested that up to 50% of patients with thyroid dysfunction have some form of clinical thyroid eye disease, and 90% have evidence of eye disease on imaging studies, primarily consisting of mild and subclinical forms of disease [11, 12] . Using diagnostic criteria of clinical signs, Bartley et al. [13] evaluated the incidence of thyroid eye disease in Olmsted County, Minnesota and showed that new onset thyroid eye disease occurred in 18.8 per 100,000 people (16.0 females and 2.9 males) per year [14] . Manji et al. [15] reported that moderate-to-severe thyroid eye disease (NOSPECS score ≥2) occurred in 51.5% of female and 52.7% of male patients in a cohort of Caucasians with Graves' disease and Hashimoto's thyroiditis.
Asians are known to have different patterns of morbidity compared to non-Asians, and this also applies to thyroid disorders [16] . Asian patients have a higher prevalence of thyroid eye disease [11] but present with a less severe disease pattern [11, 17, 18] . The clinical factors related to the development of thyroid eye disease have been reported to include age [15, 19] , gender [15, 19] , smoking [15, [20] [21] [22] [23] , family history [15, 24] , and pregnancy [25, 26] . The diversity of genetic predisposition, lifestyle, and environmental factors between ethnic groups may influence differences in disease patterns between Asian and non-Asian people. For instance, the smoking rate of Koreans has been reported to be as high as 60.1% [27] to 74.8% [28] in males and as low as 2.9% [28] in females, which is one of the distinctive findings characterizing the lifestyle of Koreans [29] . The disease pattern of Koreans is expected to be different from Westerners; however, a detailed investigation has not yet been performed.
The aim of the present study was to determine the prevalence of thyroid eye disease among Korean patients with thyroid dysfunction and the risk factors associated with thyroid eye disease. To the best of our knowledge, this is the first multi-center study in Korea and the first study to report the prevalence of thyroid eye disease among dysthyroid patients in Asia.
Materials and Methods
A cross-sectional study of thyroid eye disease was conducted on patients with thyroid dysfunction visiting the endocrinology clinic at 24 general hospitals in Korea. The study was performed during a one-week period from 21 to 28 November, 2005.
All patients with thyroid dysfunction presenting to the endocrinology clinic during the study period were identified and enumerated. The initial diagnosis was categorized as Graves' disease and hypothyroidism. Patients with malignant disease of the thyroid gland and thyroid nodules were excluded. All patients >15 years of age were informed of the study and invited to participate in the interview, which was conducted by an ophthalmologist. All study participants were Korean. All study procedures adhered to the tenets of the Declaration of Helsinki.
Self-reported demographic data, past medical history, family history, and life-style data were collected during the interviewer-administered questionnaire. An ophthalmologist in each institution interviewed the patients and noted the presence of symptoms relevant to thyroid eye disease using the VISA classification including vision, inflammatory, strabismus, and appearance categories [30] . For the patients with eye symptoms, the ophthalmologist interviewer performed an ophthalmic examination. Patients with at least one symptom and one sign in any category in the VISA classification were considered to have thyroid eye disease. The clinical data pertaining to the present illness were retrieved by chart review.
Categorical variables were compared using the chisquare test, a t-test was used for continuous variables, and continuous variables for multiple groups were compared using analysis of variance (ANOVA). Multivariable logistic regression analyses were carried out to evaluate the independent relationship of significant risk factors for thyroid eye disease. The SAS ver. 8 software package (SAS Inc., Cary, NC, USA) was used for statistical analyses. Odds for thyroid eye disease were presented with 95% confidence internals (CIs). A p-value of <0.05 was considered significant.
Results
Of the 2,605 patients who were included as eligible for the study, 2,044 (78.5%) agreed to and completed the interviewer-administered questionnaire. Among the total patients, 1,397 (68.3%) patients were diagnosed with Graves' disease, 642 (31.4%) patients were treated for hypothyroidism, and 5 (0.2%) had incomplete information. Of the total 2,044 patients, 31 who had more than one visit, 4 younger than 15 years of age, and 377 who provided incomplete data for multivariate analysis were excluded. Thus, 1,632 patients served as the basis for the analysis.
Of the 1,632 dysthyroid patients, 1,301 (79.7%) were females and 331 (20.3%) were males (female-to-male [3.9 : 1]). The mean age and standard deviation of females and males was 45.0 ± 14.2 and 45.4 ± 13.3 years, respectively; there was no significant difference in age between females and males.
Thyroid ; p = 0.6847). In the age distribution in male patients, there was a higher prevalence of men in their 30s and 50s; however, there was no significant difference in the prevalence between age groups ( p = 0.13). For female patients, there was a statistically significant difference in the prevalence between age groups ( p < 0.001), with a higher prevalence in the younger age group (Table 1) .
Since the gender distribution in the dysthyroid patients showed a predominance of females and the pattern of age distribution in the thyroid eye disease group was dissimilar between genders, gender-specific factors which might contribute to thyroid eye disease were studied. Various factors, including demographics, family history, medical history, and lifestyle, were analyzed in each gender (Table 2) .
Age and Graves' disease in both genders, history of smoking in females, dermopathy in females, initially high anti-thyroid stimulating hormone receptor antibody titer in females, anti-thyroid medication in both genders, and radioiodine treatment in females were significantly more prevalent in the thyroid eye disease group than the no eye disease group. On the contrary, history of pregnancy and thyroid hormone therapy in females were more prevalent in the no eye disease group than in the thyroid eye disease group. With respect to lifestyle factors, smoking was shown to have an association with thyroid eye disease in females ( p < 0.001) but not in males ( p = 0.96).
Multivariable logistic regression analyses for thyroid eye disease revealed that female gender, Graves' disease, dermopathy, anti-thyroid medication, and radioiodine treatment were strongly associated with thyroid eye disease. The risk of thyroid eye disease was shown to be lower with age (Table 3) .
Discussion
Thyroid eye disease was present in 17.3% of dysthyroid patients in this study. Comparing this result directly to other studies may be flawed because the inclusion criteria and study settings are not equivalent. In British studies, the prevalence of thyroid eye disease (NOSPECS score ≥2) was reported to be 51.7% in a Graves' disease cohort of 2,405 patients [15] , 40.3% among a Graves' disease cohort of 536 patients [31] , and 42% of 116 patients with newly-diagnosed Graves' disease [18] . The prevalence of thyroid Values are presented as number (%).
eye disease in Graves' disease in the current study was 21.3% (237 / 1,115) if the NOSPECS score ≥2 criteria was applied, which is much lower than in the British studies. There has been controversy in the reported prevalence of thyroid eye disease in Asian patients [11, 18] . Some studies have suggested ethnic differences in the prevalence to be related to different smoking rates [12, 18] . Multifactorial etiologies may affect the difference in thyroid eye disease between diverse ethnic groups.
The prevalence of eye disease was 22.3% (139 / 623) in the <40-years-age group and 14.3% (144 / 1,009) in the >40-years-age group in this study (Table 1 ). Compared to the results reported by Allahabadia et al. [31] , the prevalence pattern in each age group was reversed; the prevalence in the former group was 32.7% and the prevalence in the latter group was 54.5%. In another inter-racial comparison, an age of onset of Graves' disease >42 years had an effect on the development of Graves' orbitopathy in Polish patients. In contrast, an age of onset of Graves' disease patients <32 years had a significant effect on the development of Graves' orbitopathy in Japanese patients [32] . Thyroid eye disease is more prevalent in younger people compared to older people amongst Asians, and eye disease is more prevalent in older people than younger people amongst Caucasians. Younger patients with thyroid eye disease may experience greater psychosocial distress from facial disfigurement than older patients [33] , which might therefore be a more significant problem for Asian patients. The risk factors related to thyroid eye disease showed a dissimilar pattern between genders in the current study. Females had more prominent risk factors than did male patients. Although the reason for this gender dissimilarity might be partially related to the small number of male patients, gender characteristics may affect the factors associated with the occurrence of thyroid eye disease in patients with thyroid dysfunction. In a study of the influence of gender on Graves' disease, psychological stress and smoking were positively associated and drinking was negatively associated with Graves' disease in females, whereas no such associations were observed in males [23] . As gender differences influence the immune response to lifestyle factors in patients with Graves' disease, gender characteristics may also affect risk factors in thyroid eye disease.
There are few data available on the effect of pregnancy on thyroid eye disease. Pregnancy has been regarded as a risk factor for Graves' disease [25, 26] and may change the course of the disease due to increased thyroid activity in the first trimester, with alteration of the immune system in the second trimester and postpartum [26] . A clinically significant number of women develop Graves' disease after childbirth compared to nulliparas [25] . Graves' disease patients in a postpartum group were shown to have a greater likelihood of positive family history, less eye disease, and a lower relapse rate than the others. The disease is considered as a milder form in such cases due to the transient nature of postpartum maternal immune system changes [25] . Moreover, in the current study, younger patients with higher rates of eye disease might have influenced the high- er rate of eye disease in the non-pregnant patient group. Smoking has been regarded as a very significant risk factor for thyroid eye disease [15, [20] [21] [22] [23] . A two-fold increased risk of thyroid eye disease was evident in current smokers, and an increased risk was also present in ex-smokers compared with non-smokers [15] . The smoking factor provided an interesting result in this study. The association of smoking with eye disease in male patients was not significant; the smoking rate was 62.1% in the eye disease group and 60.4% in the group without eye disease ( Table 2) . Female patients had a lower smoking rate, 9.2% in the eye disease group and 3.0% in the group without eye disease, and showed a significant difference of smoking rates between the two groups ( Table 2 ). In a Japanese study, smoking was independently associated with risk for Graves' disease in women but not in men [23] . Gender may have influenced the effect of smoking on the development of thyroid eye disease in dysthyroid patients in the current study group.
In a study of Polish and Japanese Graves' disease patients on factors contributing to thyroid eye disease, smoking was a risk factor in Polish people but not in Japanese people [32] . In another comparative study on the prevalence of thyroid eye disease between European and Asian populations, the prevalence was 42% in Europeans compared to 7.7% in Asians, and the overall risk for Europeans for developing thyroid eye disease was 6.4 times higher than for Asians [18] . In this group, the smoking rate was 61.2% in Europeans and 23% in Asians. The higher prevalence in Europeans can be partly explained by ethnic differences, as well as the higher smoking rate in Europeans. The smoking factor is known to be a risk factor in Europeans; however, the role of smoking in the Asian population is complex and warrants further studies.
Dermopathy showed a strong association with eye disease in this study and is also known to be related to the severity of thyroid eye disease [34] . This might ref lect a common pathogenesis of the two diseases. Patients with Graves' dermopathy need more thorough follow-up and more aggressive therapy for eye disease.
With regard to the treatment modalities for thyroid disease, anti-thyroid medication and radioiodine therapy were associated with the occurrence of eye disease. Although anti-thyroid medication was used mostly for Graves' disease patients with higher eye disease rates, the medication also affected the occurrence of eye disease in the multivariate analysis. Further studies are needed to clarify the role of anti-thyroid medication in the occurrence of thyroid eye disease.
This study has several limitations; all of the patients were interviewed by ophthalmologists, but not all of them underwent ophthalmologic examinations in a mass screening setting.
This study on the prevalence and risk factors of thyroid eye disease among dysthyroid Korean patients revealed novel findings associated with ethnic differences. The prevalence of thyroid eye disease in dysthyroid Korean patients was lower than in Europeans. Younger female patients were more prevalent in Koreans in contrast to Europeans. The risk factors in thyroid eye disease showed dissimilar patterns between genders. To understand the biological significance of ethnic factors, further studies on differences in thyroid eye disease between ethnic groups are needed.
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